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nouns when thematic continuity i3 ~.zh. I7e may thus wish to
concluge, tentativelr, that amaphoric pronouns are more efficient
referential devices in discourse contexts of high informational
predictability, while definite nouns are more efficient devices In
discourse contexts of low informational predictability.

1.2, Grammar as an automated language-processing device

Grammatical devices -- such as rigid word order or morphology --
mar be viewed as rautinized, or automated, strategies that spesd up
the processing of linguisticaliy coded information. There exists, &
+act, a pre-grammatical mode of language processing, used in early
childhood or early second-language acquisition (Pidginization). Thic
iees routinized processing mode can be compared with the $ully
grammaticized nativesadult lTanguage along the following
socio-functionai dimensions tsee Givén, 1929, ch., S Givén, 1¥82):

R PRE-GRAMMATICIZED MODE GREMMSTICIZED MGTE
wunroutinized) (routinized)

a. Slower processing speed Faster processing speed

b. Higher uncertaintv/ambiguity Lower uncertaintysambiguity
of the communicative context at the communicative context

c. A society of intimates F society of strangers

8. Greater shared background Smaller shared background

e. Low socig-informational High socio-informational
campiexity complexity

¢, Greater reliance on context Lesser reliance cn contaxt
In assigning coreference in CiIscourse processing, one would

y expect factors such as those listed im (1) aboue to exert

ocbvicusl

their influence somewhat independently of grammar. WNonethelessz, if
cur hrpothesis about grammar as an automated/routinized processing
mode 18 correct, one ought to be able to meacsure the =ffect of grammar
itzelt during referential processing, when the factors Trsted in 12
are held constant. The series of experimente reported here purpart to
measure such effects. In the experimental percaologr Piterature, the
difference between attended and unattended < automated’, ‘routinized )
processing has been studied at many levels of cagnition, neurclogy and
motcr-control (e.g. Keele, 1?43; Posner & Marin, 17283; Posner &
Wwarren, 19727 Schneider & Shiffrin, 1577; Shapiro & Scnmide, 1792,
Writaker, 1783). 0Our study thus purports to assess the independent
sftect of grammar on the processing of coreference,

2. Methodoiogical considerations

Z.i. The measurement of mental processes

2 iz

In attempting to understand how referentsrar Icheren
achiezved, it s mportart to devize warss 0T MEATUT NG 1ne CCuers
mental procezses that take place curing the i1ntrocuct an ang
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re-introduction of referents in actual text processing. There are
also important theoretical reascns n both psychology and lincuistice
+or developing such measurements., Two basic methods have been used in
*in

e past to study covert attenticnal processes:

{a}) Measuring the time required to perform a certain task;
0! Measuring the capacity required to perform variocus tasks,

in orger to assar the time spent on the processing of text, one may
Teasure tne rate of reading, the duraticn of fixation on a single
worg, or the time required for the kevpress release of successive
words.  The ‘ac‘ methcd has & certain advantage i1n ¥igliding a
word-br-word measurement in reading. It mar perhaps also have certain
gisadvantages, tn that it is not the natural mode of reading.
Existing evidence suggestz that at ieast under instructions to retain
text infcrmation verbatim this measure i€ sencitive to different
mental processes {Aaronson & Ferres, 1983; Just and Carpenter, 1980),.
However, under conditions cailing for comprehencsion of gist, the
“evpress method mav be less sensitive t/aronson & Ferres, 19832,
Ancther type of method assare covert mental processes by
erting a secondary task in which the subject must respond to a
atively rare probe event Dy pressing & special ey, While this
thod has been useag in many studies (see Kerr, 1973, for a review),
xte use nas been confined in the past to assecsing the cuerall
difficulty of text passages, but not the mental effort required for
The prozessing of incividual lexical items. In this work, we have
Iombined bath methods in order to cbStain @ more detailed picture of
the mental processes tnvolved in the establichment of coreference
guring the reaaging ot text.

Fimallrs, 1t is also possible to measure the efficiencr of
vartous grammatical devices used in referential processing by
trnterrupting the reading task and requiring the sub,ect to make a
secision that reflects the achievement of coreference. In one of the
present experiments, we asked subjects to make such a decicion
immediatelr after the occurrence of anaphoric grammatical devices of
Zifterent Kinds., Such & measure can te uysed ac an independent
centroiy, in oaddition to tts intrinsic value.

in t'e experiments reported below, we measured the key press time
for the release of words in continuous reading of text passages. The
2 press times for the release of referential words -- pronouns or
nite nouns -- were measured in the precence of a visual probe;
cting thie wisual probe thus constituted a cecondary,
2ation-demanding task, invoiving a separate Key press from which
crobe reaction time could be assessed independently

=
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The discourse frames used involved highly conventional episcdes
M

or 3Cripts, a inugiving familiar culturally-stereotyped scenes, such

as 'at the Lank", "at the ztore", "the pianc leszon", “after the

treater”, "at a restaurant”, etc.. In all episogez, two participants

were {mugived, ane male, the other f=male, Sex-rcales were

Ionventional iy steérectvped, ang the gencer 1dentits of Soth

Sart o Cipants was explicitly indicated., This was done zo that when the
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s ‘ne or “she’ were used, no ambicuity of reference wouig
arize. The role cf Soth participants in the "scene” was highiy
sierectyped, given genera] cultural conventions ascscciated with each
scenes/epicode. This was done to insure that the thematic frame (tselfd
weuld exert as ?ntt]e influence as possible toward referential
rgentification of either of the two participants. Characteristic
zample texts are given below for each experiment.

3. Experimental method and results

Z.1., Experiment |
Ze..i. Method
Z.i.1.0. Materials and design

n this esgeriment there were ten short story themes that
introdquced two characters talwars one male and one *emale) ana ten
that introduced 3 single character. Six different verzionz of these
stories were created by crossing two factors: referential distance (0
ar I clauses between subceguent references to a charactsr) and

arnaphor:c Jevice «the tvpe of anaphor used: an identical noun, a
pronoun or an epithet). A1l of the single character stories and the
two epithet vercions of the dua! character stories cerved as filler
material to increase the variety of materials presented to zubjects
and to reduce expectancy effects Al of the experimental paragraphs
Were two-character storiss and intr"u"d the characters within the
+irzt two centences of the story., The next $ive clauzes continued to
discuss only one of the two charzcters introducsd. In one tvpe of
exper:mental paragraph, the lact csentence uszsed either a pronoun or a
noun tnat was identical to the one used 1n the firzt sentence to refer
to the ma:in character -- the cne mz-: Zned in the intervening clauses,
Thiz created & story with a one-clauce referantial distance between
the ‘azt mention of the referent and the subsequent use of ‘he
anaphar.  In the other type of experrmental paragraph, the anaphor in
the lazt zentence referred to the zecondary character of tihie stopw —--
tre one not mentioned in the intervering clauses., Thrz variation

¢
Zreated a story with a firve-clause referential Sostance.

:l"

a

o

tner versions of the two-character stories served as filler
material and differed oniy in the tvpe of anaphor used +n the last
zentence. =z in the #.perimental paragraphs, the anapnors might refer
~ oeither of the two characters, but insteac of using ar :dentica’
nour ar a pronoun to refer to the characterz these #iller paragraphs
used Sther nouns such as ‘marn’ or “waman.,  These were cailled
“epithets? an o this ztudy. A11 o¢ the zingle Ccharacter ICRied wElE
#.%ler paragraphs, and their form followed a pattern zim:ar tao thre
suzer mental paragraphe, The tirst sentence introduied an'y one
character, anag the subsequent sentences d.scussed material unreiated
to the charactsr 1nircduced, The last centence therm referred Dac ta
the Iharacter using erther zx pronzun, an i@entical ncun ©r ar epsther,
Scampies 4 <ne ztimuli are prezentec in 40 e,
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14 Sample text passage for Experiment 1:
2. Two character frame

THE STAR ruched tc the newsstand to get first crack at the review
of the show., HER MANAGER rushed right behind her. He reached the
newsstand first, grabbed a paper, tore it open, scanned it and
stopped abruptls.

I-CLAUSE ENDINGS:

viJs ldenmtical Noun: The *manager...
Ti1) Pronoun: *He...
ii12 Epithet <Fillerd>: The #man..,.

v..g2a1d in a loud voice: "I told vou so, didnt 17"

S5-CLAUSE ENDINGS:

Ti) ldemticai MNoun: The #star...
vii) Proncun: #She...
Cii1r? Epithet (filler): The *woman...

«e.231d 1n a loud veorce: "1 told vou so, didn’t 17"
o. Single character frame

"THE FARME® drove an old Ford pickup to haul his hay. It was &
£i: Model-T with bent ferngers and a rucsted top, but the

& was 1n top shape and purring smocthly even uncer a heauy
of f1¥ty bales, Mear the barn gate...

1+ lgentical Moun: ...the #farmer...

vi1» Pronoun: ...*%he...

vii1) Epitnet f:lleri ... the *man...
...3topped the truck and stepped down,

Tne Jifterent verzion: of the twenty paragrphs were diztributed
among three ctimulus lists such that across subjects all of the
varagraphs appeared egually often with identical noun, proncun and

=ptthet anaphors. Each list conta'ned two of the six vercions of each
2tiry frame, one at each referential distance, such that an squal
rumber of one- and five-ciause-dicstance paragraphs occurred in each
ety Subjects were tested witn only one lizt, so within a testing
fession subjects saw two vercsions ot all paragraphs. lithin each of
the paragraphs were preszelected probe locations., Frobes alwars
nccurred simultanecusiy with the anaphoric devices., Hal¥ af the
paragraphs had additicnal, pseudcrandemly chozen probe zites, wnich
were never within ten words of the experimentally probecd locations,
Cantrc’ probes appeared in the csame lccations for zuhyect

the same list. Seven practice paragraphs were constructed similar %o
the paragraphs in the experiment to familiarize subjects with tre

tack., Truesfalse comprehensinn questicns for gach story |
practice triale and in the experimental tr,alc were prepared 10 &

A
smail testing bookKiet,




In sum, the design cf thic experiment was a Ju2 factortai, with
referentxal l“tancﬁ 0 or 5 clauses? and iwpe of anaphor “iZentica

naun Y3. profauns as repeated measures,

Z.1.1.2. Subjects

Tweive individuals recruited from the cubject poal of the

ognitive _ab at the Psvchology Department, University of Oregon,

ryed as subjects for this experiment., Al were native speakerz of
tish, had normal! or corrected-to-normal wisicon, and had nc apparent

zading disabilities, Subjects were paid #4.00 For participat.ong in

the cne hour =<periment.

2.1.1.2, Procedure

ompleted the practice trials to familiarize themselues

with th ent3l procedure. Each subiect was tested 1ngividually

reho@ stimulus Tists, At the start of each trial a " RERDY
messag i 1n the jower left corner of the computer monitor., 70
Cegin & ubjects prescsed the space bar on the computer
weshrarg started presentation of a paragraph., Faragraphs
appeared cne word at a time bheginning in the upper left corner c¥ the
screen, The words were presented as though a window operes anc closed
acrozs the page to reveal suclessive words and Cover previcus CRes.
Subjects controlled tne precentation rate by presczing the space bar
+or gach werd., Thiz method is similar to the zequential congition
JzeC br Kennec. and Murray (19347,

Zubgects were inztructed to read the paragraphs at their normal

reacing rare and to understand the =ztor e2c¢ oecause their COmMprenznsicd

ezted atter each trial., E'JJECtE were alzo informecd of the
cccurrence of probes (a3 flashing square of lighty that woula
appear at the top center of the screen, Whenever a probe cccurreg,
sLagect ere to press & Kev as gquickl,s as possible with the:r right
nanG whoile continuing to press for worde with tneir left., Thug, while
biects precsed the space bar with their left hand to reac the

tar ez, they rested tresr right Rang on o a separate dev to mress

r a probe occurrec., s menticned previcuslv, fhne probed

sz were precetermined for all stories. When subjects responded

2
wauia pe t
passible

)

“
L

i tll

o
o

3
a7
BRI ¢
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e

to a probe, 1t aisappeared from the screen. When subjects reached the
znd of 2 paragraph the computer instructed them to answer a
comprenenz;on question that corresponded to the storw Just p scented,
Sunsects wers given as much time az the, wanted to answer the
cxmprehenzion questions., When they had finished marking their answer,
thes pressed the "RETURM Key on the computer kerboardg and received
tre  PERDY” meszage for the next trial,
Ztimulus prezentation and gata collection were controlled &o an

~tple 14 Piuz computer system. A1i test was presented 1n Jppercase
erters, Faragraphe were precented 1n a ditferent random order tar
cach zutiect. Feactian times to probesz and reading times for each
WwiIr S Linter-kerpress tntervals) were mecorged,

e |
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3...2, Results

.2.i. Comprehension test

(%)
.

n

The subJects’ mean percent correct on tne comprenenzion test wa
gdei. It thus appears that the zubyects were reading and understanding
the stories as instructed.

! ]

2.2, Probe reaction time

Lo
.
T

The means of the subjects” median reaction times to the visual
Soobes T oeaIn Iinziotion were calcultated and are given in Table I,
pelow, and reprecented graphically n Figure 1, below., ®eaction times
ire exprescec in milliseconds.

THBLE 1: Median Probe Reaction Time ¢in meec.) for
Prorouns and Anapheoric Definite MNouns at
1 and S Clauze Referential Distance

REFERENTIAL DISTANCE

l-clause S-clause
PRONGUN 534 544
CEF-MOUMN 557 S47

. tz, reacticn times (RTsy for probed pronoun: are |
the probed DEF-nouns. In terms of sensitivity toc changes In
se

-
reterential distance, the probe RT for pronouns seems to increa with
the .ncrease 1n reterential distance from | to 3 clauvzes, wnile the RT
+27 DEF-nouns zeems t& Jecreaze with the increase 'n referential
giztance, Statistical analysis, however, indicated that none of the
effects ireterentia’l cicstance, tvpe of anaphor or their interaction:
S s‘gnv+zcar* (Fel 1y = .87, 2.89 anag 1.7 for the three
ettects, recpectively),
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Subjgects were randomly assignec o cne of three groups, with sach
group tested on only cne 9f the lists Half of the subjyects in a
qroup were *tested with one b)ock +J.=~. the cother half with the other
Slock +irst. Hence, the gesign of this experiment was a 2Zx3
factor:al, with referential device lanaphoric-DEF, thematic-DEF) and
Pe?erent a! distance %1,10,20 clauses} as repsated measures.

Be Def

cre, probes were precented with the nouns of the critical

noun prrases. Control probes were presented at pseudorandom locations

within come o+ the pazsages., The number of control probes varied from
7 in the shortect pascages to 3 an th. longest., True-falze questions
were prepixred and administerzd to the subyects *to tset their
comprehension of the sStor.es,

.%,1.2. Subjects

ed from the zame poc! as

Thirtv-cix cubjyects were recr Y
came COHGI‘(DHS sutlined abowe.

deszr . oed aoove, subjyect to the

.2, Procedure

Tne zame procedure was used here az in Experiment !, except that
the subiects pressed the "?" Key on the computer kevhoard *to rezpond
L opreozez, stimulus presentation and data collection were cantro!led

ue
1
)
r
L3

lie computer svetem,

T.4.2. Reszults

c.<..... Comprehension test

The TyDIeCtI TEeIn percent cortect on tne IZomprehens test was
#Ue 3zaon cemonzirating that they followec 'nstruztions and
_rZerztzid the ztor.es,
>.4.2.2. Probe reaction time

MeZoan prabe reacticn times +or the euperimental condotions as
we' 33 farocantrel atems are grven oo Tabis UID, below. Tne
goperimentxl condition: show & wead U-shaged pattern, with a 3§ on
trig T3 ¥or the 10-clausze distance. Thiz 1s ezzent:ally the contral
srote pattern, to which the anaphoric-0EF noun pattern confarms rather
Tizzel,. The pattern ¢ similar thouah a 5i% more proncunces for the

themat.c-DEF mounz,
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3.4. Experiment 4
3.4.1. Method ’
3.4.1.1, Materials and design .

Thic experiment compared the behavior of definite nouns -- either o
anaphoric or thematic -- at three referential distances: | clause, IO
slauszes and &0 clauses. As in Experiment 2, the test pa -zages
introducsd one character at the beginning. Intervening materi af ;
vary:ing tength tnen gdealt with the setting and related matters nut
avoiaged mentioning the character. Finally, the enaing either
menticned tne character again (anaphoric-DEF nounl, or alternatively -
introduced a second character that was highly sterectyped given the —
particular scene, and thus thematically predictable (thematic-DEF
nount, A samplie story frame can be seen in (7) below,
v7+ Sample test passage for Experiment 4
1-CLALSE DISTANCE OPENING: -

The woman waited patiently near the counter. The shop was almost w4
empty and nobody ceemed to notice her..,

10-CLeUSE DISTANMCE ADDITION: It was a large ctore with many <.
depariments spread along the cavernous floor space of three mamn

tevelz, The time was early in the afterncon on & Mconday in late o
spring, and nobodr seemed to be moving around. (On weerends the store

was alwars oackzd with hoards of bargain shopperz milling in the s
arslez, nolding gale couvpons n hand, and craning their neck:z in

zearch St that zpecial dea)l that was zomehow aiways two counters awar, .
or 2o it sesmed... o
20-CLAUZE DISTANCE ADODITION: o
“he store was part of x chain that sprang up, seemingly instantis, n =
1'mtzt every =nCpping center of suftfic ent sizé 0 the burgecning ‘

suburfe of brg towns, It specialized in high-volume, megium-priced

merchandise.  The same nat:onal company ziwars seemed tc submit the o
zucceszstyl brd. MWith standardizeg merchandiss and synChronized z:los, {
1t waz a shopper's paradise wherever t waz located...

ANAPHORIC-CEFINITE ENDING:
The #woman took out her cempact angd tcuched up her hair,

THEM&TIC-DEFINITE ENDING:
The #calesman finally came over and asked her what che wasz -
logking +cr.

There were twelue test stories, each with si1x versians., Subjects ~
reac two vers:ans of each storv frame, and :n addition =ik -
ratyralistic filler pacsages taken from a current nove!. There iwers o
three ztymuius licsts consisting of an equal number 0¥ rCaragraghs in A
gach coangitoon,  The ii1sts were Zivided onto two biocks, zacn ol oow
carta.ning ool one version of a test sterv., MAcrose zub,elts, ToE .
storiez appeared an egqual number of timesz across In eath congit:iin, -
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FIGURE Y Mgan Kevpress Timee {for Pronoune
at Different Referential Distances
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if one acceptz the explanation of the incrdinately high probe RT
for the I1-~zlause distance, then the results of the probe RT measure

hNere FEH]IC¢t9 and extend the trend cheerved in Experiment 1| (see
Figu iy,
2.3.2.3. Kerpress times for probed words

The Kevpress times for this experiment are given in Jable +/I and
represented graphically in Figure V', below.

TABLE VI: Mean Keypress Times for Proncunc
at Different Referent:al [iztances

REFERENTIAL WORD POSITICN

DISTANCE n-2 n-1 n n+l n+2
i-cl 314 335 459 TZ4 244
S-ci 305 350 5o 47 373
10-c1 304 339 47 454 341
15-¢c1 342 423 30 366 )
20-22 220 4407 43 443 381
controi prabe 328 223 S19 228 357

tern of peak Kevpress timeg founc for pronodns in this
iment iz zimiiar to tne cne found for proncuns in Experiment 1.
the tongest prezs time (s for the probed wors ind. Also as

. =
riment 1, the longest presz time for conirol iteme is foar the
W silasing the probed one (n+l) More importantiy, a clear e+fect
ot raferential distance on processznq time is C.scernible: ncreases
in reterential distance produce increaces in the peak kevpress time
+2r the roted ytem. At the short l-clavze Zistance the increase in .
-#0prezzotime at wnr g% not as great as for the T oand l0-claucze
S tanCes, whLOn Gn TURD 1S Dot as grheat ag tne L ncrexse for the 1J
:n3 2l-ciavse diztances, These groupings canfsorm rather ciczelv to
the probe rexction tomes reported above (with the exception of the
{=2% distapce, discussed there).
The ztatiztical analvzic shows that the main effects are Loth
nitrzant:  for referential 5,12' = ‘.EE: o Q.04
for word position VF o vi0, ;
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T&BLE Y Median Probe Reaction Time for
Prorcuns at Different Reterential
Distances

CONDITION RrT
1-clause 483
S-clause 824
10-clause é17

S-clayse £34
J0-clause é51
Control probes &34

The probe reaction times are presented graphically in Figure IV,

belouw,

FIGURE 1V: Median Frobe Reaction Time for
Pronouns at Different Referential
Distances
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+0 ach paragrapn in a stimulus file, was prepared and agminictered
to the Eubnec\s in order to make sure that ther read and understood
t t

2.3.1.2. Subjects

Thirty-six individuals who had not participated in any previous
experiment were recruited from the same subjec: pool as above, with
the same conditiaons applying lsee above),

3.3.1.3. Procedure

The came procedure was followed as in the previous experiment,
except that the subjects did not use the space bar cf the computer to
press for the presentation of words., Instead they used a Ker located
tc the le+t of the computer. HAs before, they used a separate Key with
the:r right hand to rezpond to the probes.

3.2.2. Results

.2.1., Comprehension test

The subjezts’ mean oercent correct on the comprehension test wasz
P10,

2.3.2.2, Probe reaction time

Tre means of tnhe

ubyecte” medlan proae rﬂaction +xmee e
iated ang are t
i

noin Table W el & "U-shaped” patt
< e (! c)ause}. 3
ausesi, Inc slower times a
(13 and 20 clayzes?)., This main effect cf
tance was statistically significant (F.5,148) =
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162 Sample test passage for Experiment 3

FRAME OPENING:
Tne staurant was Just about full when THE MAN arrived. Everybody
was dashing about madiy, too busy to notice him.

~e

FRAME ENDING:
*#He waited patiently for his turn,

1-CLAUSE REFEREMTIAL DISTANCE:
{Text as above {opening + ending)]

LONGER REFERENTIAL DISTANCES:
{text inserted, cumulatively, before endingl

was late on & Fridar night, 3 time faveorec by the after-show crowd,
the tables were packed with hungry patrons. The waiting line
threaded around (i¥e a coiled snake, and the noice from the Kitchen

was deatening...

il

o ure in the main dining room must have reached ninety. It
tate in the summer, and the air conditioning seemed to have given
h ces in the waiting line were glistening with swezt, and

tadies had pulied their gkirts up...

PO ]
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lights were dimmed diccreetly, coming from pehind thick matted
3 panels near the ceiling. The decor was basic continental with
trical posters, live flowers and checkered table clothes,..

oy oA e
s
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!
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£
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B
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pt coming 1n and joining the line, some in pairs, others in
ups, and a few zlone. The lobby was getting more and mare

he line twicted back cver itzself and eventusaily spilled out
2

(B

- QO
z

o

¢ five different vercions of the stories were divided into

ee stimuius l:sts. Each list contained *wo wersions cf each story
an equal number of paragraphs of each length. Each subdect zaw

» ane list, 30 that within and across subjects each referentiai
tance was tested an equal number of times. Thus, this experiment
one repeated-measure variable {referential distance of {,5,10,15
rocl clauses:,

Tne experimental probes were precented with the amaphoric
ronouns a* the end of each test 4rame. Cont-ol probes were random!y
retriouted throughcut the storw, but never appeared witnin 10 woreos
¢t the srobed pronoun. The numoer of contra! prabes variec from one
-nothe znorter wersions of the framec to three in the longer versiconsz,
Contrci probes appeares at the csame locatione for all subjects tected
withn the same J.st,

Fos

heet consisting of 20 true /false comprehension qQuesticons, one

-+
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]
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were introduced as indefinite or {thematic) cefinite, MNonetheleegs,
they were treated ditferentially in a wav that seems to be governed
saleiy byv their grammatical form: when such a participant was
ceded with the indefinite article "a", the longest kKeyprecss time
cccurred on the noun itself (nl), just as it did for praoncuns
tExperiment 1). On the cther hand, when the same character was
introduced with the definite article “"the", the longest Kevpress time
occurred on the word following the probed item, [n+ll, as it does
in the case of anaphor.L definites, which are also marked by "the",
maving identified in the tirst two experiments what seeme o be a
gra”mar-trluaerﬁd gffect on the press times, at least in the presence
t probes, we return in the next two experiments to the effect of
re+~rnnt|al distance on the processing of pronouns and
anaphoric~definite nouns.

3.3. Experiment 3
3.3.1., Method
2.3.1.1. Materials and design

The storv frames in this experiment involved a sirgle character
and anaphaoric reference emploring only pronouns., Ten different
zterectyped story +rames were used, each with five variants that
diftered from each other primarily in the referential gistance between
the lacst prior mentian of the participant and the subsequent reference

5v & propoun. The filler clauses between the prior mention and
tzequent pronominal reference introduced only general

CL v+ v
p= S ¥ )
+

[ o]
L G )

s of the scene and surrounding circumstances. These

enz were all highly sterectyped and deliberately ztaved away

in character itself or his her point of wiew. The
distances tezted were 1,3,10,15 ard 20 clayses. The las

in the text always began with the coreferent pronoun, itcel

tne locus of the probe, as in previous experimentz., A sample fedt

trame for this experiment is given 10 (&) below.
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FIGURE 111: Mean Kevpress Times for Indefinite,
Anaphoric-DEF and Thematic-DEF Mouns

& -—@ INDEF
O—~——{1 anaphoric-DEF
L50 = r\ &--—4A thematic-DEF
Loo
350 1
30C
250 ; — T ' \

n-2~> n-1 n n+l ne2

WORD MEASURED (TARGET FROBE = n)

Statistical analysis of these results with both referential
device VIMDEF, anaphoric-DEF, thematic-DEF) and word positicn
=Sy, 0yfiqe. ni*S7 as repeated measures revealed a main effect of
wora position (Fi10,230) = 2Z.28, p<.001) due to the general
tncrease 1n Kerpress times around probed items. In addition, however,
there was a significant interaction between referential devwice and
word pesition <(E(30,8%00 = 1,79, p<.007), indicating that the
pocition of the peak Kevpress time varied depending on the twpe of
referential device.

The results cleariy rule ocut the possibility that the di+ference
between DEF-nounz and pronouns reported in Expertment | 13 due to the
.#terence 1n phonoleogicalsgraphemic length between nouns and
ncuns., What 1s more, the thematicailv stereotyped second
ticopants in trne stories were equivalent in terms of their

rctati ity from the thematic structure of the frame, as well az .r
‘me of thesr “new information” status, regardless of whether ther
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3.2.1.3. Procedure

The same procedure was used in this experiment as in Experiment

3.2.2, Results

3.2.2.1. Comprehension test

X
2y
w
-+

he zubjects” mean percent correct on the comprehensicn Was

Z.Z.2.2. Probe reaction time

The meansz of the subjects’ median reaction times to the wisual

probes in each condition are given in Table 11I, beiow, The RT:z are
faztest for the anaphoric DEF-nouns and slowest for the IMDEF-ncune,
Eut none of the Jdifferences are statistically cignificant,

TseLE IY: Median Probe Reactiaon Time for
Indefinite, Anaphoric-DEF, and
Thematic-DEF Nouns

CATEGORY RT
INDEF 824
Arnaphoric-DEF 0%
Thematic-DEF é13
Contral probe &22

2.2.2.3. Keypress times for probed words

The mean Kevpress times .ir meecs) across subjectz for anaphoric
DEF-nouns, themat:c DEF-nounz and INDEF-nouns, asz well as for tne tuc
worde directiy preceding and fellowing them in the text, are given in
Tabie [V, below, and represented graphically in Figure I1lI, belaow,

TABLE IV: Mean Keypress Times for Indetinite,
Anaphor1c-DEF and Thematic-DEF Nouns

.. CATEGORY n-2 ri-1 n n+l n+d
N
ANAPHORIC-DEF 244 233 264 38z 298
3 THEMAT1C-DEF 248 277 404 423 230
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was described entering into a scene in the first sentence. The next

' 1-2 sentences described the character’s progress through the scene in
- a rather stereotrped fashion. The final sentence then began with one
o+ the following three referential devices:
p .
4 - {a) Anaphoric-DEF noun: The ‘identicai) noun which introduced
- the single character at the beginning of the frame;
!! {b) Thematic-DEF noun: & second character, highly predictable
o from the thematics of the frame, introduced as a DEF-noun {thus

baving the same arammatical form as (al);

vor lndetinite noun: The same second character as in thy, but
here introduced as an indefinite noun.

- Each of the twelve experimental story frames used in this experiment
ppeared equally often across subjecte in ali three corditions, @&

ample 4rame i€ given in ©3) belaw,

[

Sampie text passage for Experiment 2:

-

) "The restaurant was just about full when THE MaN arrived.
. Everybody was dashing about too busy to notice him...

{&! Anapharic- DEF ending: ...The #*man waitsd patiently in
the corner".

ll {5 Thematic-DEF ending: ...The *waitress came over finally

' and gave him the menu".

vc) INDEF ending: ...A #waitress came cver finally and gave

o him the menu",

In additicon to the twelve experimental text frames, ten filler texts

[ ] of equal length (but different 1n structure) were also given to the
> subjects,
. The different vercions of egach story were divided into two lists ~
. 30 tnat two vers:ions of each story were on a Jist., Each tist was
o gpiit into two blockKs zo that cne version of each story was in each
1 block, Five stories i1n each block were filler paraaraphs. 3ubject:s
were randomir assigned to one of two groups, each group being tested
- with only one list, Half of the subjects in each group were tested
;: with one block of the lizt first and the other hal+ were tecsted with
the other block first,
- Experimental probes .: : aresented with the nouns of the
E referential noun phrases in the last sentence of each paragraph. Half
e of the paragraphs had an additional control probe presented at a
pseudorandomly chosen location early in the paragraph. Beoklets with
<. a true'falze comprehenzion question corresponding to each paragraph in
- a list were prepared.
. 3.2.1.2. Subjects

Twenty~four subjects were recruited from the came :ubiect pool
used in Experiment 1, with the same provisos as tc their nat.uve
- LAnGUAge, visian, reading Ttatus and par. None of the subjects had
- participated in Experiment 1.
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TaBLE 11t Mean Kevpress Times for PRO and DEF-Nouns
at 1 and S Clause Referential Distance

Word Position

Condition n-2 n-i ri n+i n+2
PRO 1-c1 288 295 a7 220 281
PRO S-c1 288 278 377 343 203
DEF 1-c1 284 313 344 281 25%
DEF S-c] 293 a1e 307 283 259
Centraol probe 307 306 354 37% 234

action times 3 times
gge items were alzo analyzed, The mean of subyects’ median
probe reaction times was 820 msecs <Table 1), longer tharn the RTs
cbserved in any condition except pronguns at the S-clause referential
gistance. The difference was reliable for DEF-nouns (Fil,11) =
21,34, p{.001), but not for pronouns (F{1). The control probe RT
was significantly longer than the RT for probed anaphoric devices at
the l-clavuse referential diztance fFE{(L1,11) = 11,85, pe. 0040, but

for control items and the ke .pre
o]

now

AraUno

nct at the S-clause referential distance (F<1). The reiatively

‘ong prooe FTs for control items mav reflect tneir earlier positions
in the passzages compared to anaphoric probed items, Since the
contrals conetitute a diverce zet of lexical items, we are hesitant to

interpret absolute differences between these items and the anaphoric
items under study. The pattern of rezponse times to control

items, however, has proved useful in discerning general effects in
oth the probe RTs and Kevpress times,

The longest kevpress time for the control probes was on the word
foilewing the probed item [n+ll., This 13 the pattern that was 4ouns
ftor DEF-nouncs. However, when the kevpress times for the grobec | tem
and the werd preceding and following it 1¢ compared across pronouns,
DEF-nouns anc the control items, no significant differences are found.

It might be argued that the significant cne-word shift in the

ccation of the peak Kewvpress time for probed DEF-nouns (az compared
with probed proncuns? may simply be due to the fact that nouns are
phonologically there graphemicaily? longer than pronouns, and thus
take longer to enccde before the processing of coreference occurs
The next experiment was dezigned to investigate such & possibil |*V.

Z.2,1.1. Materials and design

Tre story frames for this experiment were rather short and
cnuclivea no maniputation of referential distance. w single character

by
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FIGURE 1l: M™ean Kerypress Times for Pronouns and

. Anaphoric Definite Nouns at ! and S
Clause Referential Dictance

@ —4@ PRO, l-clause
O——0 7RO, S-~clauses

- A----A DEF-noun, l-clause
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anaphaeric-DEFs contrasts with the Keypress timee for control items at
In+1l, which show the same U-shaped pattern we observed in the probe
kTs,

For thematic-DEF nouns the pattern in this experiment is lecs
consistent. For the 10-clause distance, the peak Kevpress time
appears on [n+1) as in Experiment 2, but at the 1 and 20 clause
distances, the peak xerprecs time occurs aon {nl.

Cverall, the Keypress times collapsed across word position and
tvpe of referential device were FASTEST at the 10-clauce referential
gistance, SLOWEST at the 1-clause distance, and (ntermediate at the
Zi~-ciause distance (thus exhibiting the U-shaped curve shown in the
cantroi-probe resulted, Collapesd across referential distance and
word position, Keypress times were SLOWER for thematic~DEF than for
anaphoric-DEF nouns.

FIGURE: W1 Mean Kerpress Times for Anaphoric
DEF-Mouns at the [n+l] Word Position at 1,
10 and 20-Clause Referentia)l Diztancec
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. olwerd positicn) repeated measures analvsis of variance of t
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oliowing them revealed a significant main effect of ref
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marginaliy significant interaction of referential device anag
referential distance {E(2,70) = 2.49, p<.08), suggesting that
thematic-DEFs were slower than anaphoric-DEFs on'ly at the 1-clause
grstance (70, ? and 2 msecs. difference at each distance,
recpectivelr). Significant interactions between referential distance
and word position fE{20,700) = 2,05, p{.003), ac well as between
referential device and word position (E(10,350) = 2,20, p<.02)

were fcund., The interaction between referential device and word
position reflects the peak Keypress time for anaphoric-DEFs at [ntl],
and the tendency of the peak Kevpress time for themtic-DEFe 1n this
experiment tc be at {nl. However, this interaction was qualified by

the three-way interaction hetween referential device, referential
dirstance and word position «E{20,7000 = 1,92, p<.01), reflecting

the fact that the peak kKevpress time at the ll-clause distance was at
[n+1] for both anaphoric- and thematic-DEFe,

n

. Experiment S
3.2.2. Method

25,1, Materials and design

In thie experiment we compared two referential devices tanaphoric
DEF-nouns and pronocuns) at two referential distances ‘1 ang 12
clavsess, Ten different ztory frames were used, each introducing twe ..
characters tone male ard cone female? earty in the disccurse. we in -
Exceriment 1, the next segment of the storr continued to deal wiin tne e
secanc character onls., The final sertence then referrced tc etther of
the two, either oy proncun or anaphoric-0EF noun, & zample text .
cxzzage can be seen (& 12 helow, o
m
-~
-
u.-‘
-" .
e
-
.
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{3) Sample test passage for Experiment 5

- The woman entered the waiting room trailed by her five-vear-cid bov,
He immeciatelsy proceeded to yump on the couch and bounce on it
energetically. It felt nice and soft. He bounced n:igher and higher,

A e e s o g
1

- looking about him in glee. It was going to be quite an adventure, he
) could tell, with all thesze new things arcund him; such excitement with
» objects to take apart. ivhat cheer fun' He turned his attention to

the wincow, survering through i1ts wide pane the parkKing lot three
+lcors below. Mow here was a real chalienge. @A ledge he could climb
ants. AT oagventure warting tor ham right there.,,

e

I-CLAUSE DISTANCE SMDINGS:

FROMNOUNT sHe ciambered aonto the windows:ill and figdcdled with
the lTatch.

DEF-riCUN: The #boy ¢l &Ab&'ﬁﬁ ento the windowsi!l and fiddled
s th the Jatc

DE-CLAUEE CISTANCE ENDINGS:

PROMOUN: <She stepped cver, leaned forward and zaid zomething
'n a hushed uoice.

DEF-MNOUN: The #*woman ctepped over, leaned forward and zaid
szomething 1n a hushed voice.

in o thie exper:ment we controlled for the amount of information
crezented n & trial before an item was probed, thus the paszages wer
2. Cof zqual tengthn., There were four vercione of each story, divdes
into two stimulus lists., Each list contained an egual number of
R = in each condition, Each zubject was given anly one of the
i:3te, Thus, stories appeared an equal number of times in each
condition across subjects, As in the previcus experiments, truesfalce
comorehension questicns were prapared for each story. _
The test probes were precented either with the proncun or

anaphor c-0EF noun yn the last sentence of zach pazssage. Two to three
lontrol probes were alsoc inserted in each paszage, with the
restrictien that thev not appear any closer than tapprox.; 20 words
trom the probed anapheric item,

.3.1.2. Subjects

cignteen subjects were recruited from the same pocl as described
above, subject to the same conditions outlined above.

=

2.5.1.2. Procedure

The procedure used in this experiment was the same as tn
z<periment 4, above.

PPN S

PP P N
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Results
-
. k]
Comprehension test -
subjects” mean percent correct on the comprehension test was .
Probe reaction time -
med:an grobe reaction time far pronouns and DEF-nouns st the
arc 12-clause referential distancez are given 1n Table [X,
TABLE IX: Median Frobe Rexction Time 4or Fronouns snd
Anaphoric DEF-nouns at 1| and :2 Clauze
Reterential Distance
REFERENTISL D ETANCE
COMDITION 1-CL&USE LB <
"""""""""""""" e
Franoun s1% e
DEF-noun £45 &07 ' -
- - L]
1tz are expressed graphicx!l in Figure Y1, below For -
s, probe RT is faster at fthe 1Z-ciause Jistance zhan at tne ;
distance. For pronouns, probe DT i slawer at *he 1Z-clause
trian the i-clause distance. These results replicate thosae =
for 1 and S clause distances in Experiment ! <see Figure 1), -
ca: analwsis of the probe RT results, nowe;er. indicates that
ithe differences reached significance «F 'z < | far the “
- - - -a
ot referential distance anc referential GEUlCE, and for the:r
con Sl ivr o= 2,38, pdLtd,
<
—
N
~
x
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FIGURE VIl: Median Probe Reacticn Time for Fronouns

‘ and Anaphoric-DEF Moyng at ! arng 12 Clause
- Referential Distance
- 2
Y &
T g
. .:
. .
- =
< A50 =
. T L pron<
- L h
r I ’ DEF-nouns
- 600 =
L) v
l-cl 12~cl
REFERENTIAL DISTANCE
’ I.9.1.3. Kevypress times for probed words
l' Tre results of the Kevpreszz times ror the var,ous cangdit.ons are
- given in Tabie 4, below. #~3s betore, probed pronouns show the oear
Pe.Uress Y.Te on o the proted tam oatzelf [nl, and the Crofe edfect on
reacding times i<, a3 before, much more proncgunced *than i th
" arainer c-DET roun:.  In tnas esperiment, howewer, She retecertal
Ziztance effect $or pronouns waz nct cbtained: that oz, ‘he peak
Kerpress time 3t {nl wa: not r'grer at the lZ-clause distance than &
=- the 1-2 z2use distance.,
For DEF-ncunz, the rezults are scmewhat mixed, ide have
dupircatec here the recuits of the relevant previous: ewnperiments
. concerning tre location of the peaK Kergress time far the !-clauce
- distance, but not +or the l12-clause distance, where the pressz time
- neak appear:z 1nstead on the probed 1tem., Rlso duplicated are *he
smaller kerpress »alyes for DEF-nouns than for pronouns. Finally, when
. the keyspress times ot both [n) and {n+1] are combined, the total
R procesziong time at the 12-clause referential cistance 13 shorter than
at tne l-clauze distance,
The rezylts of this evperiment may also Se expreszed by combin,ng
r; the prote PT and we.preszz t:me meazures at {n) and in+!l, for pronauns
ang QEF-nzunt 2t eacn referentral distance., This combined expressicn
M 1

Vv on Frgure YIDD, below.
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TABLE X Me=n Kevpress Tlme_ for Pronouns and wnaphoric-DEF

Mouns at 1 and 12 Clause Referentia) Dicstance

CONDITION n-2 n-1 i n+l n+2
PRONOUN :
I-clause z :
12-clause 314 a0z T-3e) 3ae 33¢
DEF-MOUN

ER Al P T P “ -
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FIGURE WIIl: Probe RT + Kevgpresz Time Combined for

Focitions {nl and [n+!) for Fronouns anc
DEF-Mouns at 1t and 12 Clause Distance

1600™ pronourn

? 1500 =

é o

+ lLE‘Q-

3 ’ Fr_

3 i DEF-noun

Sk '
l-cl 12-cl
REFFRENTIAL DISTANCE }
Statistical analysis of the results reveals a gignificant main

2 t of word position (Fui0,30) = S.74, pi.001). The

Al

4

4

+ial device and word positicon i€ marginai’.
0, p{.08), reflecting the tendency for

t+fecC
interaction between refer
o

E
ern
gnificant CF10,200 = 1.8

poronauns and anaphoric-DEF nouns to have peak kevpress times at
different locations ilnl vs, [n+1], respectively). The interaction
Setween referential distance 1 ws. 12 clause) and word position 1<
s grificant (Ei10,200 = 2.70, p<.010,

3,5, Experiment 6

This experiment waz Jesigned for two purposes. First, to test oo
an 'ndependent method whether sybyects 1n fact re-:nstantiate the
referent when thev encounter x pranoun or LEF-noun &3 i referentia.
device isee Corbet* & Lhang, 1783), wno seconc, to compare Sv 3ns

e s
- - -t . - .
a, ‘ A, r'Y B cotor-Sctin, a2ty P
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more method the efficacy of pronouns v
cevices at different referential dista

3, DEF-noune as Zoreterer< a.
rces,
2.8.1. Method

3.8.1.!1. Materials and design

There were 18 basic ztory frames in this experiment, all
le
g

iruciving a sing character. After introducing *the charsczer in the
f.0zt ocixize, 4 clauses followed describing the scene out ieaving
the character out, The next sentence then reincstateg the character
«.%h either a proncun, or the i1dentical DEF-noun usad to introcuce ot

*he orobes in this experiment always occurred at the Joca*tion of these

einstating devices, either :n lieu cf the device i%tzeif ar
'nmeJlrfely atter it, In half of the stories, the introduction at the
ingie character was preceded by five clauses of desiriptive mater:a’

er 1o vary the structure of the passages.
ather tham the flasring light probe used in grevicus
experiments, in this experiment the probe was a word, appearing a* the
top cCenter ot the screen., Upon presentation of a probe, subJects were
PCiC to Jecide: as quic«ly as possible whether the word hagd appeared in
thne storr and to indicate fexr decision on & two-Key recponse board,
: ©) probe words were the noune used to iniroduce

inoorad
F

B itially., Incorrect (°no’) probe words were nouns used to
intrcduce a character 1n other stories i1n the stimulus list. The two

probe types appeared with equal frequency in a list,
The probe words were presentecd under three experimerntal

CIND Tionss
tar lmmediately atter coreference (reinstatement) bv & propncun:
b Immediately after coreference ireinstatement? by & DEF-rour:
i In place of the werg that wouls nave reinctatea the
character inc reinstatement’.

A zamp.e test passzage can be seen :n (F) belaw.
.71 Sample test pazsage for Experiment é:

LUMEER brought most of his small tools into the houee before
nning to install the new zet of pipes. The zhop had received a
zoncerning the problem earl, that morning. The garbage disposal
. be.ng replaced when the wrench <iipped, causing the pipe to crack
ro and spew out Sitz of stale water and corroded metal. The house
at jeast seventy vears old with historic, as well as sentimental,
Ue....

it
D m

ZMDINGS:
Tar! Fronoun: Hes,,,
5. [DEF~-nouns The plumber#*,,.
ChoCORtroL ..,
PRUBE 0203
a0 sez probe: PLUMEBER
b n3 prober PRIEST
e e e

A baf SO il IadiEadih Bl Sl St B el i e

Ll v

J3
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Three stimiius lists were prepared, consisting of twc versions of
€320 ztor, frame +a  ves and a “no’ probe word trial), A list was

presentsc to a subject in two blocks., Each subject saw only one list.
Zubsect: were assigned to three groups, each group tested with a .
Jitrerent list, Half of the subjects within a group were testec with X
cne tiock first, the other half saw the other block first. Across A

zuCies*3, each test pascsage appeared an equal number of times in each
TInd ot an, A truesfalse comprehencsion test for each story was
agm:r . ztered, as 1N the preceding experiments

l.2.0.2. Subjects

Trnirty subjects were recruited from the came posl as described
sbcve, subject to the same conditicns as ocutlined above.

. Procedure

E

ger.ment 3, above, excep? at once the probe word had been
entzd and the re~pon~e obtained, the trial was ciscontinued.

sGsecte were tola to press the Key on the RIGHT o+ the responce
arc «t the probe word had appeared in the passage ' “ves” trial), and
& ke gn the LEFT 1f the probe word had not appeared in the passaqe ‘
ns trialy. ~fter the probe reponse had peen made, the screen went '
S an and the subject answered & truesfalse comprehension question
Sout the passage they had yust read. Probe RTe and reading times
¢re measured and recorded by an Appie Ile computer, ac above.

‘he prezentaticn of £t passages follcwed the came procedure as
th
!

N

.&.2. Results
... Comprehension test

The subjects” mean percent correct on the comprehens.on test was

Z.2.2.2, Probe reaction time

Subjects median response times Cin msecs) to the ‘ves and “nao
probe words in the three conditions (pronoun reincstatement, DEF-ngun
retnstatement and control (no reinztatement)) are given in Tabie <0, .
belaw. The “wes’ probe results are plotted in Figure IX, below. X

'p’u'4'-'-“ S R S "'." .'-‘.'-.‘.

- v
l‘-.'.\.\A-.\‘ .,J-.'l Y L _1.4\ Pl
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THBLE X1: Median Probe Reaction Time for
Character Feinstatement witn
Fronoun or DEF-noun and +or

Control iNo Reinstatement) Condition

CONDITION

PROBE RESPONSE FRONCUN DEF-NGUN MO REINSTATEMENT

783 proge A
- ) B a ¥
no’ probe 2992 2208 2211

The gcontrcl (T no reinstatement’) cond.ticn dispiavs the clowest RTs
tor 23 sroze words., Reinztatement witn oan identical DEF-ncun
rez. %z in faster prope ver:fication timec tnan reinstatement wiih a
poonzun, Statistical analysis of tne “yesr responses onlv reveals a
z.gnifircant main effect of resnstatemert condition (E(2,44: =
.S, p .04, More zpecifically, the difference tetween the DEF-noun
e rztitement and the no reinstatement condition iz significant
z J.0%, pa,02r. Howewer, the recsults for the pronoun
re nt condition are eguivocalt  the difference between the
ur eirnstatement and no reipstatement condition iz not
z towELlr, bBut nesther 1e othe I - zetween the
TtIti.t amZ DEF-moun rewnmztatement Concid 1,23 = Z.8s,

I:..' ) :‘ o’ .;:i' . '..z-') :-l:c“‘;-\‘_- ".c";* Ot ;'
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18




- DR AN 2 Sy NS a M EdrSa ettt St ints St S S SRt ~Shath s S B A 20 i g
<
4
- Je - .

Ty

|

2L00 = Q

maoee s
e

in
7~
N

setim I me
~
N

X

]
a

2C -

Frobe

T T T
CONTROL DEF-NOUN FRONIOUN
n (rei

< J
(no reinst.) {reinst.) reinst.) 4
- J
4
‘4
‘Y
-, Discussion i
Tme otezuits of oyr 51y exper.ments, deso.te cocas:onmal 4
37D 0t/ anI ower than Sesired statiztical significance, point o 1
Tooo##emingle replizabie Correlatichs Zetwszn the grammatical form 3
-t Teterentii’ Zeviges, anc the way subDiects pracese sucnh dsuices
ToWPtten ZrzIzurze, e discuss the tivo sffscts zeparately, SUY Tane
3cme t3vtalive zuggestions on zesticon 4,2 az *o Mg thes might be
reiated,
4,.. The word position effect
#% TRLE #IU7 T 1731 when the rate 3 rracing @ meaIurez, a0 &
g3 RTITE 3 L TIMCOLCRC 3 .M YAneduzl with & referantiz’ onoun o or
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File sources of definite nouns in discourse:
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